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OVERVIEW

Research carried out under the auspices of this contract consisted of five research units in Solid State
Electronics, two in Electromagnetics, and two in Information Electronics.

In Solid State Electronics the objective is to develop new materials and devices for electronic and photonic
applications, based on an enhanced underlying knowledge of those materials and devices. Techniques have
been developed for MBE regrowth on wafers removed from the system for photolithographic processing, and
then applied to the fabrication of advanced vertical-cavity surface-emitting laser (VCSEL) structures. Building on
previous work on low-temperature grown AlGaAs, the semi-insulating AlGaAs material has been patterned for
current funneling and also as an etch-back layer to provide a GaAs shadow mask for selective growth and buried
void structures. Oxidation of AlGaAs layers has been used to provide insulated regions in VCSEL structures
having threshold currents of 225 pA. MBE growth of distributed Bragg reflectors has been utilized to make
multiple-wavelength mirrors which exhibit great promise for photodiodes providing detection in multiple
windows for multiplexing applications. Femtosecond-laser-induced second harmonic generation has been
demonstrated to provide a quantitative diagnostic of angstrom-scale microroughness at the Si(100)/SiO2
interface. Models for hot electron effects, avalanche mechanisms, and surface effects have been developed in
support of the research previously described.

In electromagnetics, new extremely accurate and numerically efficient models of coplanar waveguide
millimeterwave phase shifters, both vdltage and optically controlled, have been developed. Furthermore,
extremely high voltage quantum well diodes based on a depletion-edge modulated resonant tunneling diode
have been characterized. Time-frequency space has been shown to be an attractive feature space for
identifying target characteristics. Specifically, time-frequency information has been obtained using wavelet
transforms, and most recently superresolution techniques. Such techniques appear to be excellent tools for
understanding scattering phenomenology from computed or experimentally measured data.

In Information Electronics, work in multisensor signal processing involved the development of algorithms for
analyzing signals from multiple sensors and multiple views. Accomplishments include a new methodology for an
automatic interpretation system using multiple sensors, a new algorithm for detecting and interpreting linear
features of a real scene as imaged by a single camera, and current development of an object recognition system
which utilizes the Adaptive Resonance Theory (ART)-based ART-2 artificial neural network. In other work




involving applications of higher-order statistical signal processing and applications to nonlinear system
identification, accomplishments include: the ability to model third-order (i.e., cubic) nonlinear systems and
phenomena subject to nonGaussian random excitation, development of sparse third-order Volterra models with

attendant savings in raw data, and new approaches to quantify and mitigate nonlinear distortion in
telecommunication channels.
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